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Radiculopathy and Myelopathy at Segments Adjacent to
the Site of a Previous Anterior Cervical Arthrodesis*
BY ALAN S. HILIBRAND, M.D.†, GREGORY D. CARLSON, M.D.‡, MARK A. PALUMBO, M.D.§,
PAUL K. JONES, PH.D.‡, AND HENRY H. BOHLMAN, M.D.‡, CLEVELAND, OHIO

Investigation performed at the Department of Orthopaedic Surgery, University Hospitals Spine Institute,
Case Western Reserve University School of Medicine, Cleveland

Abstract
Background: We studied the incidence, prevalence,
and radiographic progression of symptomatic adjacentsegment disease, which we defined as the development
of new radiculopathy or myelopathy referable to a
motion segment adjacent to the site of a previous anterior arthrodesis of the cervical spine.
Methods: A consecutive series of 374 patients who
had a total of 409 anterior cervical arthrodeses for the
treatment of cervical spondylosis with radiculopathy or
myelopathy, or both, were followed for a maximum of
twenty-one years after the operation. The annual incidence of symptomatic adjacent-segment disease was
defined as the percentage of patients who had been
disease-free at the start of a given year of follow-up in
whom new disease developed during that year. The
prevalence was defined as the percentage of all patients
in whom symptomatic adjacent-segment disease developed within a given period of follow-up. The natural
history of the disease was predicted with use of a
Kaplan-Meier survivorship analysis. The hypothesis
that new disease at an adjacent level is more likely to
develop following a multilevel arthrodesis than it is
following a single-level arthrodesis was tested with logistic regression.
Results: Symptomatic adjacent-segment disease occurred at a relatively constant incidence of 2.9 percent
per year (range, 0.0 to 4.8 percent per year) during the
ten years after the operation. Survivorship analysis predicted that 25.6 percent of the patients (95 percent confidence interval, 20 to 32 percent) who had an anterior
cervical arthrodesis would have new disease at an adjacent level within ten years after the operation. There
were highly significant differences among the motion
segments with regard to the likelihood of symptomatic
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of this article. No funds were received in support of this study.
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02905.
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adjacent-segment disease (p < 0.0001); the greatest risk
was at the interspaces between the fifth and sixth and
between the sixth and seventh cervical vertebrae. Contrary to our hypothesis, we found that the risk of new
disease at an adjacent level was significantly lower following a multilevel arthrodesis than it was following a
single-level arthrodesis (p < 0.001). More than two-thirds
of all patients in whom the new disease developed had
failure of nonoperative management and needed additional operative procedures.
Conclusions: Symptomatic adjacent-segment disease may affect more than one-fourth of all patients
within ten years after an anterior cervical arthrodesis. A
single-level arthrodesis involving the fifth or sixth cervical vertebra and preexisting radiographic evidence of
degeneration at adjacent levels appear to be the greatest risk factors for new disease. Therefore, we believe
that all degenerated segments causing radiculopathy or
myelopathy should be included in an anterior cervical
arthrodesis. Although our findings suggest that symptomatic adjacent-segment disease is the result of progressive spondylosis, patients should be informed of the
substantial possibility that new disease will develop at an
adjacent level over the long term.
It is believed that arthrodesis of spinal segments
leads to excessive stress at unfused adjacent levels.
In series of twenty-eight to 146 patients who had had
an anterior cervical arthrodesis, 25 to 89 percent who
were followed for a long period had new degenerative
changes at adjacent levels1,8,11,12,15,22. Thirteen of twentytwo younger patients with Klippel-Feil syndrome who
were reexamined in adulthood had radiographic degeneration adjacent to the block vertebrae13. In vitro biomechanical studies of the lumbar spine have demonstrated
increased load9,20, segmental motion, and intradiscal pressure7,20 at levels adjacent to simulated arthrodeses.
Several authors have been unable to find an association between radiographic degeneration of adjacent
segments and the long-term clinical outcome of anterior cervical discectomy and arthrodesis6,10,17,22. In a magnetic resonance imaging study of the cervical spine in
asymptomatic subjects, Boden et al. observed degenerated discs in thirteen of twenty-three subjects who were
more than forty years old2. Consequently, radiographic
degeneration of disc spaces adjacent to the site of a
cervical arthrodesis may reflect the natural history of
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CRITERIA
Outcome

Pain

Excellent
Good

None
Mild

Fair

Moderate

Poor

Severe

FOR THE

TABLE I
ASSESSMENT OF CLINICAL OUTCOME16
Medication

None
Occasional use of nonsteroidal
anti-inflammatory drugs
Frequent use of nonsteroidal
anti-inflammatory drugs
Oral use of narcotics

cervical spondylosis19 and may be meaningful only when
it is associated with clinical symptoms of radiculopathy
or myelopathy referable to that level.
In contrast to previous studies of radiographic
changes following anterior cervical arthrodesis, the present study focused on symptomatic adjacent-segment
disease of the cervical spine, which we defined as the
development of new radiculopathy or myelopathy referable to a motion segment adjacent to the site of a previous anterior cervical arthrodesis. The goals of the study
were (1) to determine the incidence and prevalence
of symptomatic adjacent-segment disease in a large population during the first ten years after anterior cervical arthrodesis, (2) to ascertain which cervical motion
segments are at greatest risk for new symptoms after
an adjacent anterior cervical arthrodesis, (3) to assess
whether multilevel arthrodesis is a risk factor for symptomatic disease at an adjacent level, and (4) to determine whether spondylotic changes at levels adjacent
to the arthrodesis site are related to the late development of new radiculopathy or myelopathy.
Materials and Methods
Between 1973 and 1992, 383 patients had a total of
418 anterior cervical arthrodeses, performed at one institution by the senior one of us (H. H. B.), for the
treatment of degenerative disease of the cervical spine.
Nine patients were known to have died within six
months after the index procedure and therefore were
excluded from this analysis, leaving 374 patients (409

Activity

Work Status

Normal
Normal

Normal
Normal

Restricted

Limited

Incapacitated

Disabled

procedures). None of these patients had an acute fracture or dislocation, had been managed for a malignant
neoplasm, or were scheduled to have a concomitant
posterior arthrodesis. There were 180 male patients and
194 female patients; the average age at the time of the
index procedure was fifty-one years (range, seventeen
to eighty-three years).
Of the 374 patients, twenty-eight had two, two had
three, and one had four separate anterior cervical procedures. In order to assess the progression of spondylotic disease after each operative procedure, new
adjacent segments were evaluated after each additional
operation; thus, 409 separate follow-up evaluations
were performed. Of the 409 procedures, 284 were performed in patients who had initially been seen because
of neck pain radiating to the arm or shoulder; 103, in
those who had initially been seen because of predominantly myelopathic symptoms (such as an unsteady
gait or difficulty in handling small objects); and twentytwo, in those who had initially been seen because of
both radiculopathy and myelopathy.
Before the procedure, a history was recorded and a
physical examination, including a complete neurological
evaluation of strength, sensation, and reflexes, was performed. The indications for operative intervention included failure of a cervical orthosis, physical therapy,
and anti-inflammatory analgesics to relieve radicular
symptoms or motor-root weakness or evidence of progressive myelopathy according to the history and physical examination with documentation of spinal cord

FIG. 1
Bar graph showing the percentages of patients who entered a given year of follow-up disease-free and had subsequent development of new
disease during that year.
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FIG. 2
Kaplan-Meier survivorship curve18. Each data-point represents the total percentage of patients who entered a given year of follow-up and
were expected to remain free of symptomatic adjacent-segment disease. (The error bars represent the 95 percent confidence intervals at each
time-point.)

compression on neuroradiographic imaging.
Preoperatively, all patients had evaluation with
plain radiography and myelography in addition to computerized tomography (after 1980) and magnetic resonance imaging (after 1984). Of the 409 procedures, 338
consisted of anterior cervical discectomy and arthrodesis, performed according to a modification of the
operative technique described by Robinson and Smith3.
The procedure was performed at all levels to which
clinical signs and symptoms of disease were referable
and at which neural element compression was demonstrated on neuroradiographic imaging. There were 168
one-level, 131 two-level, thirty-seven three-level, and
two four-level procedures. The remaining seventy-one
procedures consisted of subtotal vertebrectomy and arthrodesis with strut-grafting, which was used for patients who had advanced spondylosis or congenital
stenosis with spinal cord compression. Autogenous
iliac-crest graft was used in forty-one of these procedures and autogenous fibular graft, in thirty. There
were twenty one-level, twenty-eight two-level, twentyone three-level, and two four-level corpectomies.
Postoperatively, 354 patients wore a rigid two-poster
orthosis for twenty-four hours a day for a total of six
weeks, eleven patients used a halo vest, and nine wore
a soft cervical collar.
All patients were examined regularly after the procedure by the senior one of us (H. H. B.). The severity
and location of any symptoms, the patient’s work status
and level of daily activity, and the findings of a complete
VOL. 81-A, NO. 4, APRIL 1999

FIG. 3
Graph showing the durations until symptomatic adjacent-segment
disease developed according to the radiographic grade for the fortynine patients (fifty procedures) for whom radiographs were available
(see Table II).
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RADIOGRAPHIC GRADING

Grade

Disease

I
II

None
Mild

III

Moderate

IV

Severe

OF

TABLE II
DEGENERATIVE CHANGES

AT

ADJACENT LEVELS

Findings
Magnetic
Resonance Imaging

Plain
Radiography
Normal
Narrowing of disc space,
no posterior osteophytes
<50% of normal disc height,
posterior osteophytes

Normal
Signal change in
intervertebral disc
Herniated nucleus pulposus
without neural compression

Same as for grade III

Spinal cord compression
with or without nerve-root
compression

neurological examination, which included strength, sensory, and reflex testing, were documented. Lateral radiographs with the cervical spine in flexion and extension
were made at each follow-up visit until a solid fusion
or an established pseudarthrosis was noted. Thereafter,
anteroposterior and lateral cervical radiographs were
made at annual visits.
The hospital and office records for all 409 procedures
were reviewed independently by another spine surgeon
(A. S. H.), and the diagnosis of symptomatic adjacentsegment disease was based on the presence of new radicular or myelopathic symptoms referable to an adjacent
degenerated level on two consecutive visits. New radicular symptoms initially were treated with a soft cervical
orthosis and non-narcotic analgesics; if the symptoms did
not resolve or if new-onset myelopathy was the presenting symptom, magnetic resonance imaging and myelography or computerized tomography, or both, were
performed to confirm the presence of a compressive
lesion at an adjacent level. The outcome of nonoperative
and operative treatment of new disease at an adjacent
level was evaluated with use of a modification of the
criteria of Robinson et al., which included subjective
assessment of pain and objective measurements of the
use of medication and the level of activity16 (Table I).
All postoperative radiographs that had been made
for the patients who had symptomatic adjacent-segment
disease were assessed independently by two of us (A. S.
H. and M. A. P.). A new system for the qualitative grading of radiographic degenerative changes of the cervical
spine was developed. On the basis of all available radiographs, adjacent segments were rated as having no disease (grade I), mild disease (grade II), moderate disease
(grade III), or severe disease (grade IV) (Table II).

Computed Tomography
or Myelography, or Both
Normal
Normal
Herniated nucleus pulposus;
no nerve-root cutoff or
spinal cord compression
Nerve-root cutoff with or
without spinal cord
compression

start of a given year of follow-up and had subsequent
development of new disease during that year. The prevalence was defined as the percentage of all patients in
whom symptomatic new disease developed during a
given time-period.
The prevalences of symptomatic adjacent-segment
disease among the different motion segments were compared with use of logistic-regression and chi-square
analysis. The first open segment caudad and cephalad to
each arthrodesis site was considered at risk for the development of new disease. The prevalence of symptomatic disease at an adjacent segment was calculated by

Analysis of the Data
The incidence and the prevalence of symptomatic
adjacent-segment disease were calculated for each year
with use of life-table methods, with construction of a
Kaplan-Meier survivorship curve18 that included the
409 operative procedures and 95 percent confidence
intervals. The annual incidence was defined as the percentage of patients who had been disease-free at the

FIG. 4
Graph showing the ages at the time of the index operation according to the radiographic grade for the forty-nine patients (fifty
procedures) with symptomatic adjacent-segment disease for whom
radiographs were available (see Table II).
THE JOURNAL OF BONE AND JOINT SURGERY
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DATA

FROM THE

TABLE III
KAPLAN-MEIER SURVIVORSHIP ANALYSIS18

Yr. of
Follow-up

No. of
Patients
Entered

No. of
Patients Lost
to Follow-up

No. of
Patients with
New Disease

No. of Patients
at Risk at
Follow-up
Interval

1
2
3
4
5
6
7
8
9
10

409
341
302
237
188
158
123
85
64
53

59
34
61
44
32
37
39
24
16
11

9
7
10
7
5
4
5
2
0
2

379.5
324
271.5
215
172
139.5
103.5
73
56
47.5

dividing the number of cases of new disease at that
segment by the total number of segments at risk for
disease. Motion segments with a prevalence of new disease of less than 5 percent were considered to be at low
risk; those with a prevalence of 5 to 10 percent, at intermediate risk; and those with a prevalence of more than
10 percent, at high risk.
The hypothesis that there is an association between
multilevel arthrodesis and adjacent-segment disease
also was tested, and an odds ratio and 95 percent confidence intervals were calculated. Statistical associations
between the radiographic grade, the time that it took for
the adjacent-segment disease to develop, and the patient’s age were determined, with the level of significance set at p < 0.05.

Incidence of
New Disease
(percent)
2.4
2.2
3.7
3.3
2.9
2.9
4.8
2.7
0.0
4.2

Disease-Free
Survival (Rate
and 95 Percent
Confidence
Interval)
(percent)
97.6
95.5
92.0
89.0
86.4
83.9
79.9
77.7
77.7
74.4

±
±
±
±
±
±
±
±
±
±

1.5
2.1
3.0
3.6
4.2
4.7
5.6
6.2
6.2
6.0

percent confidence interval, 82.2 to 90.6 percent) at five
years and a 74.4 percent rate (95 percent confidence
interval, 68.4 to 80.4 percent) at ten years (Fig. 2). This
suggests that 13.6 percent of all patients who have anterior cervical arthrodesis will have new disease at an
adjacent level within the first five years and that 25.6
percent (95 percent confidence interval, 20 to 32 percent) will have new disease within the first ten years
after the procedure.
Of the fifty-five patients (fifty-eight procedures) who
had symptomatic disease at an adjacent level, forty-six

Results
Symptomatic adjacent-segment disease developed
following fifty-eight of the 409 procedures (in fifty-five
of the 374 patients); this represented an overall prevalence of 14.2 percent (95 percent confidence interval,
10.8 to 17.6 percent). New disease at an adjacent level
developed at a relatively constant rate in the ten years
after the operation (average annual incidence, 2.9 percent [95 percent confidence interval, 1.6 to 4.2 percent];
range, 0.0 to 4.8 percent) (Fig. 1). This resulted in a
prevalence of 11.7 percent (95 percent confidence interval, 8.5 to 14.8 percent) at five years and 19.2 percent
(95 percent confidence interval, 15.4 to 23.0 percent) at
ten years. With the numbers available, no significant
difference in the development of adjacent-segment disease was observed among the different forms of postoperative immobilization.
A Kaplan-Meier survivorship analysis18 was performed in order to follow the disease-free survival of
the entire series of patients and to take into account the
loss of patients to follow-up (Table III). The model predicted an 86.4 percent rate of disease-free survival (95
VOL. 81-A, NO. 4, APRIL 1999

FIG. 5
Graph showing the association between the prevalence of symptomatic adjacent-segment disease at each cervical motion segment
and the amount of flexion and extension as described by White and
Panjabi24.

524

A. S. HILIBRAND, G. D. CARLSON, M. A. PALUMBO, P. K. JONES, AND H. H. BOHLMAN

FIG. 6-A
Figs. 6-A, 6-B, and 6-C: A seventy-six-year-old man who had cervical radiculopathy and myelopathy at multiple levels.
Fig. 6-A: Lateral radiograph made after anterior cervical corpectomy and fibular strut-grafting was performed from the second to the
sixth cervical vertebra. Degeneration is seen at the sixth and seventh
cervical disc level (arrowhead).

(forty-nine procedures) were followed for at least two
years after the onset of the new disease. Thirteen patients
(fourteen procedures) had successful treatment of the
new symptoms with a soft cervical collar, physiotherapy,
and anti-inflammatory medications. There were two excellent and twelve good outcomes. Of the patients who
did not have improvement after nonoperative treatment,

six either refused or were not offered additional procedures and had a fair result. The remaining twenty-seven
patients (twenty-nine procedures) had failure of nonoperative management, and anterior cervical decompression and arthrodesis was performed at the adjacent
level. Eleven of the twenty-nine procedures led to an
excellent result; ten, a good result; and eight, a fair result
at the time of the latest follow-up.
There were significant differences among the various motion segments with regard to the relative risk of
adjacent-segment disease (p < 0.0001; Table IV). The
relative risk at the interspaces between the third and
fourth and between the fourth and fifth cervical vertebrae (levels at intermediate risk) was 3.2 times that at
the interspace between the second and third cervical
vertebrae or that at the cervicothoracic interspace (levels at low risk). The relative risk at the interspaces between the fifth and sixth and between the sixth and
seventh cervical vertebrae (levels at high risk) was 4.9
times that at the levels at low risk. The differences in
relative risk between the low and intermediate-risk
groups and between the low and high-risk groups were
significant (p < 0.01 and p < 0.001). It should be noted
that the new disease developed at an immediately contiguous level, either cephalad or caudad to the site of
the previous arthrodesis, or both. In addition, two patients who had had an arthrodesis between the sixth and
seventh cervical vertebrae had symptomatic new disease simultaneously between the fifth and sixth and
between the fourth and fifth cervical vertebrae.

FIG. 6-B
Transverse magnetic resonance image showing a large extradural defect compressing the spinal cord (arrowhead) at the sixth and seventh
cervical level. The patient remained symptomatic secondary to the compression.
THE JOURNAL OF BONE AND JOINT SURGERY
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RELATIVE RISK

Total no. of discs at risk
No. of discs with new
disease
Prevalence (percent)
Relative risk

OF

TABLE IV
NEW DISEASE DEVELOPING AT

ADJACENT VERTEBRAL LEVEL

C2-C3

C3-C4

C4-C5

C5-C6

C6-C7

C7-T1

T1-T2

83
1

105
8

182
17

80
11

161
21

199
7

14
0

1.2
Low

7.6
Intermediate

9.3
Intermediate

13.8
High

13.0
High

3.5
Low

0.0
Low

Contrary to our hypothesis, the risk of symptomatic adjacent-segment disease following multilevel arthrodesis was significantly lower than that following
single-level arthrodesis. Of the 256 multilevel arthrodeses, thirty-one (12 percent) were followed by the development of symptomatic adjacent-segment disease
compared with twenty-seven (18 percent) of the 153
single-level procedures (odds ratio, 0.64; 95 percent confidence interval, 0.55 to 0.75; p < 0.001).
Of the fifty-five patients (fifty-eight procedures) in
whom symptomatic adjacent-segment disease developed, forty-nine patients (fifty procedures) had preoperative radiographs that were available for study. On
the basis of these radiographs, there was no evidence of
disease (grade I) at an adjacent level at the time of
eighteen index procedures and there were mild degenerative changes (grade II) at the time of eighteen procedures, moderate degenerative changes (grade III) at
the time of twelve, and severe degenerative changes
(grade IV) at the time of two (Table II). A significant

FIG. 6-C
Radiograph made after anterior cervical decompression and arthrodesis at the sixth and seventh cervical levels (arrowhead). Consolidation of the interbody graft can be seen. The patient had
complete resolution of the symptoms.
VOL. 81-A, NO. 4, APRIL 1999
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inverse correlation was noted between the degree of
radiographic changes at the adjacent level at the time
of the procedure and the time until symptomatic disease
developed at that level (r2 = –0.985). The average time
to the onset of the symptoms was more than seven years
in the patients who had no disease (grade I) and less
than two years in the patients who had grade-IV
changes at an adjacent level at the time of the operation
(Fig. 3). In addition, most of the patients who had advanced (grade-III or IV) degenerative changes were
older, and there was a significant direct correlation between the patient’s age at the time of the operation and
the degree of degeneration at the adjacent segment (r2 =
0.994). The average age at the time of the operation
ranged from 41.5 years for the patients who had no
changes (grade I) to 64.5 years for those who had severe
changes (grade IV) (Fig. 4).
Discussion
The present study demonstrated a steady incidence
of symptomatic adjacent-segment disease of 2.9 percent per year in the first ten years after anterior cervical decompression and arthrodesis. The prevalence of
new disease ten years after the index procedure was
19.2 percent, although Kaplan-Meier survivorship analysis18 predicted that 25.6 percent of patients would
have new disease at ten years. The survivorship analysis
should be considered a more accurate assessment of
the risk of symptomatic adjacent-segment disease over
time because it takes into account censorship or departure of patients from the cohort due to death or loss
to follow-up.
The prevalence of adjacent-segment disease in the
current study was higher than that reported previously.
One of us (H. H. B.) and colleagues reported new radiculopathy, after two to fifteen years of follow-up, in
eleven (9 percent) of 122 patients who had been managed with a Robinson anterior cervical discectomy and
arthrodesis for cervical radiculopathy3. At the time of
long-term follow-up, Gore and Sepic reported new radiculopathy at another level in eighteen (14 percent) of
133 patients despite evidence of progressive spondylosis in 50 percent12. Lunsford et al. performed a reoperation at another level in 7 percent of 253 patients who
had had anterior cervical decompression 21, and Henderson et al. reported that a reoperation was done because
of radiculopathy at another level after 9 percent of 846
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FIG. 7-A

FIG. 7-B

Figs. 7-A and 7-B: A twenty-four-year-old woman who had anterior cervical discectomies and arthrodesis between the fourth and fifth and
between the fifth and sixth cervical vertebrae in October 1975. Eighteen years later, new-onset radiculopathy referable to the seventh cervical
nerve root developed. Nonoperative treatment led to complete resolution of the symptoms.
Fig. 7-A: Lateral radiograph showing a solid fusion from the fourth to the sixth cervical vertebra with minimum degeneration of the third
and fourth and the sixth and seventh cervical disc spaces (arrowheads).
Fig. 7-B: Sagittal magnetic resonance image showing a small bulging of the disc between the third and fourth cervical vertebrae (top
arrowhead) and a larger disc herniation between the sixth and seventh cervical vertebrae (bottom arrowhead).

discectomies that had been performed with use of a
posterolateral foraminotomy14.
The disparity between the findings in the current
study and those in previous studies can be attributed
to the prediction of new disease over a ten-year period with use of survivorship analysis18, the duration of
follow-up, and the inclusion of patients who were managed both operatively and nonoperatively for new disease in the current study. We defined symptomatic
adjacent-segment disease as new clinical symptoms that
persisted for two consecutive follow-up visits. As already noted, some patients had resolution of the symptoms over time and did not need additional operative
procedures. Other authors may not have included such
patients in their studies.
Of the forty-six patients (forty-nine procedures) who
were followed for at least two years after new disease developed at an adjacent level, only thirteen (fourteen
procedures) responded to nonoperative management.
Although we are aware of no long-term follow-up studies on the nonoperative treatment of cervical radiculopathy, Saal et al. reported that twenty of twenty-six
patients who were managed nonoperatively for cervical radiculopathy, without having had previous operative management, had a good or excellent result after
an average duration of follow-up of two years23. This
suggests that nonoperative treatment may be less effective in patients who have symptomatic adjacentsegment disease than in those who have primary cervical
radiculopathy.
We hypothesized that, after a multilevel arthrodesis,
more motion would be transferred to fewer remaining

motion segments, leading to a more rapid onset of disc
degeneration, chondro-osseous spur formation, and new
disease at adjacent levels. Contrary to that hypothesis,
we found that patients who had had a multilevel arthrodesis were significantly less likely to have symptom-

FIG. 8-A
Figs. 8-A, 8-B, and 8-C: A thirty-seven-year-old woman who had
anterior discectomy and arthrodesis between the fifth and sixth
cervical vertebrae for the treatment of a herniated nucleus pulposus
and cervical radiculopathy.
Fig. 8-A: Preoperative magnetic resonance image showing the disc
herniation (arrowhead), with a normal-appearing disc between the
sixth and seventh cervical vertebrae.
THE JOURNAL OF BONE AND JOINT SURGERY
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FIG. 8-B
Lateral radiograph made nine months postoperatively, showing
consolidation of the interbody graft.

atic adjacent-segment disease than were those who had
had a single-level arthrodesis (p < 0.001). This finding
may be explained by analysis of the levels included in
the arthrodesis.
Although cervical spondylosis affects the entire cervical spine, the greatest arthritic changes develop between the fifth and sixth and between the sixth and
seventh cervical vertebrae2-4,12,14,21,25. Symptomatic adjacentsegment disease also was most common at these levels.
Some patients who had had a single-level procedure
may have had advanced spondylosis at these higher-risk
adjacent levels that was not symptomatic and therefore
was not addressed operatively. Symptomatic adjacentsegment disease may have been less common after multilevel arthrodeses as these procedures usually included
the higher-risk levels and ended adjacent to segments
that were at lower risk for the development of new
disease.
We also found a close correlation between the risk
of symptomatic adjacent-segment disease and the magnitude of motion at a given level, as described by White
and Panjabi24. Cervical motion segments with a greater
range of motion had a higher prevalence of adjacentsegment disease (r2 = 0.92; p < 0.001) (Fig. 5). Degenerative changes at the most mobile segments of the
cervical spine may be part of the biological process of
progressive cervical spondylosis and unrelated to an adjacent arthrodesis.
The literature provides additional support for this
natural-history explanation of adjacent-segment disVOL. 81-A, NO. 4, APRIL 1999
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ease. In 1958, Kellgren and Lawrence reported that approximately 50 percent of a normal population will
have degenerative changes on plain radiographs of the
cervical spine by the age of fifty years19. Lunsford et al.
found no difference in the rate of new radiculopathy
at an adjacent level between patients who had had anterior decompression only and those who had had decompression with arthrodesis21. Henderson et al. noted new
radiculopathy at a different level in 9 percent (seventynine) of 846 patients an average of less than three years
after decompression by means of a posterior-lateral
foraminotomy without arthrodesis14; this represents an
average annual incidence of more than 3 percent per
year. It is likely that most patients who have any cervical
procedure for the treatment of radiculopathy or myelopathy have diffuse cervical spondylosis and may be
at greater risk for new disease at another level because
of advanced degenerative disease rather than because
of the arthrodesis or its extent. Therefore, we believe
that symptomatic adjacent-segment disease is the result
of progressive cervical spondylosis at adjacent levels
and is not caused by the arthrodesis itself.
The radiographic findings in the current study also
suggest that symptomatic adjacent-segment disease is
related to progressive cervical spondylosis. Patients
who had preexisting degenerative changes had a more
rapid onset of symptomatic adjacent-segment disease.
Patients who were more than sixty years old had more
degeneration at the time of the operation than did
patients who were less than sixty; this finding is consistent with those of previous studies regarding the natural history of cervical spondylosis2,5. Many of these

FIG. 8-C
Magnetic resonance image made nine months postoperatively,
showing new-onset disc herniation between the sixth and seventh
cervical vertebrae (arrowhead); the herniation caused new-onset
radiculopathy referable to the seventh cervical nerve root.
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older patients had advanced radiographic degenerative
changes at an adjacent level at the time of the operation, and the symptomatic new disease developed
within the first four years after the procedure (Figs.
6-A, 6-B, and 6-C).
In most of our patients, the gradual onset of radiographic degenerative changes at an adjacent level was
followed by the development of new disease at that
level as late as eighteen years after the operation (Figs.
7-A and 7-B). However, fourteen young patients (9
percent of all patients who were fifty years old or less)
had early-onset adjacent-segment disease secondary to
a new herniated nucleus pulposus at an adjacent level
(Figs. 8-A, 8-B, and 8-C). These patients had few if any
degenerative changes at the adjacent level before the
new disc herniation developed.
On the basis of our findings in the current study,
we recommend that degenerative changes at adjacent
interspaces of the caudad part of the cervical spine

be assessed carefully, especially in older patients. If the
clinical findings suggest a relationship between the radiographic findings and the symptoms and if magnetic
resonance imaging or myelography demonstrates neural element compression, these levels should be included
in the decompression and arthrodesis. Patients who have
clinical disease affecting multiple levels should not be
managed with a single-level procedure. Patients should
be informed that there is an approximately one in four
chance of new disease developing at another level in the
first ten years after an anterior cervical arthrodesis. We
believe that this risk is related to the natural history of
cervical spondylosis rather than to a failure of the operative technique and that it is probably unaffected by the
operative management. Most of our patients in whom
symptomatic adjacent-segment disease developed did
not respond to nonoperative management, but the new
symptoms usually resolved after anterior cervical decompression and arthrodesis.
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